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[<ft?Ffit#©«6B] 

Btt*r©iB©fi»MfcRft <b*k 
g*£©SB-©EKEg£ftfcfg#;«&tt£#LT:fc ►> , 

t, 3&»-©BiK#©ffi!l©»-©BSr*U 

363fc«ii#:Jc i o X £ft £ Hfe-ftifcttft £g 5 «fc 5 

ftsWUKS*:!). -fc;&fc#3fc©S&-©g5#ii*l*SR£ 
iliSU -fc;6^fe©fBr©»$mafc$8*©ftfc« 

ig Lfc-JMMt* ta* 5 £"oTllWB»JS©fe©**:£ 

ItS*«2] SfrE«H3t»Kl4> fttllE3&3fc«j£tt©SBr 
©BfcERSft-O^ r t fcttRfc-rsit** 1 Efi© 

SS©»-©EK:ER$*V, 8MB383te*it#a»fe36-fre> 
i§-f 5 - t *««1-3R#B 1 E*©***^ Kf* 

■Yah- Kf'V 

[M*R6] RE-*R»*r^fc*-C*>a;ifctr» 

Rfci-sww-r*— k^m 1 *. 

R-WEXtfRrwEfratriCKiffLT*!)* IB-© 

Bi4»r ©E©s#«fcRtt e>iv 

*K©*-©EfcEE $ *tfc38ttffiig#£*r LT*5 9, 

r <o&%mmfrK.w&<o%-om t » 0 fcss-©E 

t >S&SS-©B h 5*f©<81©SSr ©Bfc*T U 3§3fc«it 

3§3t*it#»c iotiSS ftfc-ftiifeltft ft 3 <fc 5 
ERSftfc*-©R*«R**L-C*J!>. £&-&Sfe#t 
»tt*-©R**Rli:l!ffc!K -»cftlt3fe©»-©S5» 
ttf&-©gftt»ffil£ili§ L, -RftM)t©fSr©Sp^ 

*-©«*©3fcfcR*3it, 
£ ioTM $ ftfc-fcgcft3t©iSZ&U'S&eg 

©fiB#£gtf 3 J: 9EH^Hfc»r©^»|^S:^Lr 
*3 9> -&&ttft©|geg©a#tt§Sr©i£fi©3fcl;:£& 
£*k -&^3fc©m-&tffgZ©W#li£&£*tft^ 



6«-Xt«ll::©RS©*&R*r9£o-c, !&£©£© 

8 ] «IIB*-©»3t*«»±flft8BS«©* ~© 
E*#R3«*©*^©BteER3 ftfcEWWSfc* UT 

[&#>S9] -**»3miHM6"e*>*£i«:WRi: 

im&m i o ] Bf£©fe©a*»i-$fc»©»**-f 
Btt*r ©E©£*MMu:Rtt e>*u 

ra©»-©BfcERSftfc»#R3tfc** LT*5 9 , 
r ©%3fe«3t«:«Sfi©IB-©ffi fc R 9 #o fcR-©Bi 
£3RR-©B&E**©«©*^©B**U 38ft*i§ 

S«©!f?-©ffiK6Bfi£*i;fc^«#$ 7-$rWLTia 
!J, r©SI«*57-tt. th%i-RXf%i-(Dm 
R*ft$5-©*-©Mtt««#5 5-©*r. 

©E©K*fffi!iicfe!?, ^m^5 7-©*-©Bttss© 

RmfM 5-©*-©iBH:E«*iifc*-©»*»K«r 

#lt*j»), -»a*jfcttjB-©ji*riRfcafc!j, - 

^^^©^-©SB^ttfJ-ro^it^K^iiigU, -ft 
Jtt**©*^©»»tt*-©»fi©3t(i:a»Six, 
9-ttm-©SS©3t«rSlt-r6 fc©-Cfc 0 , 
S-©jK3t^K(cBI«-t-5» 2 ©&*»&£# tT*3 
9 , -&^ft©S-©!Wto£-©£tt»SI£ai§ 
L, -ft^t3t©ffzi©lfP^(i»r©S[«©)t(c^m* 

^ »-at^»r©j»*}Mi«raai-»-WMt*©* 
$w±, m-©»*»ui*>6.«*feiis3tat«ii^©»* 

1 1 J W*« 1 0 E«©**^-f Kf*^ 
-r^lcfcv>T. $e>»cflJE36Jt«3i«:©^-©B(cES 

1 2 ] flfFI2-ftScM3tli#fe3tt?*)5 r t & 
<imt-tzm#i£l lE«©!63fe^'f^-Kf f /W^. 
[HM13] ^©^©^SrJBI-Sfcft©**^ 

< t t^-©BS.U t m-©B«r-&tfS«SrWUT*i 
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9, m-<r>mttfg-<Dm<DRttmic&tvhti. 

*U 

HJt»lt*»4*-«>«»*»itfcafc9. f&-©i!S7fe»B! 
Hffe#ttSS-©Sl3fe»Rte <k o TIB* 6*t, 

[§s#jf 1 4 ] 1 3 RMo&ytyj kt^ 

<f*fc*MrvC, l!9£S-©»3fe»Bl4g«©»r©Bfc: 

EB $ ii, HB*3t^-f J)— Kf^M * tt * 6 H38tt« 
3i»#JB 1 3 E*©»*^ tf— *. 

mmm 1 5 ] «rK-ftgtW)t(i*^3fet?& 5 r t & 
[0001] 

(LED) ^B8»i-5. i9PU<tt, LED1 9&lt 

s'jo^ &&© *ic**t 5 -xtt-&.±<DMmm%mm 

Lfc#l7t£ife (phosphor-converted) L EDf^M 
[0 0 0 2] 

[fESoSffi] W&fcfcS^tt:** (UV) *«rttJfrf 
*»*tt*LED*BI»*ftfcri:KflSo"C, LED© 
-9cSMt*o-»SrJ:9*^*^j(lft** (phosphor 

conversion) 1"5£il£j;o"C6fe3fe£:38£$*<5 L 
EDroKjtASHmnTtlt^o-Ctfc. LED©-9cifcH 

<0T*Xtft (down-conversion) tUftfttS. — ftSc^t 
3fc©5^g*£ftTWi^8B#B:, ±9*V»««©3tt 
a£9£oT&feft£±j£-f5. S&ft£38-f5LED 

I0 0 0 3] i«E, LED©-&ftlt7t©-S5£0?ftg 
&-f*&$r©t>©t*v LED*LED7V7*rtlClR^-r 

->»^©*lc:Sl3fcfr ££**5 d k \c «fc o TUmS ftT 



ttostfJrfiM©;*?!!-!*. LED±fc*ifflSii, 
[0004] B^Watf+^MfcatflSjBJfefl:© 
fc»&L-CV>a„ LED*>6«clt$ixfc-ft3fc©-«fSll 

»*fc©**fc53fc* r i * < x.#**smm*9m-i* 

as, LEDj&»b^3itfcH^©H«if>**©*?- 
(cafe 9. r*iKJ:9**{»:©tt^B:*lltt<c*«rJM- 
5. -**fe*i»****1-S*H:. «s^9-g-ore 

fflV^#a-©^©-o», LEDa>63S*6ix5fi&, 

HT*>6tv^5^-C*>«. £©**SH4tt> xtf*** 
JJi© * y ]) -fciBA 5 tifc«|*ft:!|ffi^©D--Y X©tf 60 
tfcfiB1-$. §l&©ir^ **{*«?-©^tt&W&- 

«tf*i/#M|fcafls3*5i: v £©*£«»*{*« 

[0 0 0 5] LfcaSoT, »**$/*»*©»#{««• 

#KH«n»*6. r©ffl*£tt«ttfc©&*©^8:#* 
*9— CfcSrtfclBHtr^*. r©£ 5 

©=Vho— /w^nrt6-e*>5r.tB:, $£L.-CSfe3t 
**f 5 LED7 >^4rMig-T8 £ fc ©Blt£ fco4# 
oTl^5„ Cl©fc©, LED^yiCfco-tfej^ttS 
afe7t©fpKf4, ^©^-*-|C.toTKit^ttfc^ 

[0 0 0 6] :*#*J/tWfc»*LfcP*^!^-tr 
fflV^5^&©>:^*, 3S3fcWtK^!Pf (luminescent orga 
nic dye) ©SHKSrL EDSrStf U^X©±liEEi-5 

©Sfefl-tt, rilliafcS-t-^-CW-jJcjtSr^cKiRL 
TitiSrJ:9ftv^S©3tKgE«H-5J:5^ w>X± 

©5 6©ffi^4$B»i4, sfe^tafct-fci^^x^aia 

•TSo SfeJ|sHcafc6? , j:^ofc-ft3t«:)KS©gv>3tta 

i3S*t6-ft*©i(^©aabH#»**i5ctKia:6. 

[0 0 0 7] 

[|8^*s«ftLJ:5i:1-6»H] LA>U4*e,» C©S 
«:EH-r8&^5©tt;Hit±©*teJ£3&#v\ 

lfef}.H:i£<ffl^6^5«S,»cttSorWfV\ 
[0 0 0 8] r©i?/iri:^6, iiEwraS^^Sr 
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[00 0 9] 

[&®£#2H-5fc»0^©l #389! 14, LEDfcio 

^;Mc4oT£/££*tS#;£rofecD#i:V^<D|4, fife 
[0 0 10] #?&9i<D-o<D|lli0!|-ei4, 

i8i!SiLEDf f /w^tj:Kite>*v*. zonmft, we.ro 

-*fto-»fc«ft*t««t5 1 i tic. -**©- 
[0 0 11] *38WOttO*««-CHt, **i^Ji*»j!s 

14, -»C3tO-§5Sr!Rf!£(Ofe(03tlc^ft^5. fctt 

[0012] #*E<&SQ60J-efi % < i t-OCDj^ 

U r*i«r*fe3tK:«|ft-r*. te©»&f4»-ro»KI:: 

L, £fttt#ft^*fc»£9£o-cefe#«r£rt-f 
5. 

[0 0 13] 4&9»tre0«M0*«>flV9ttftft0 

[0 0 14] 

mmozmomm hii*, wt?<i*- k (le 

D) irogWiE-cfco, c*U4, *369!K:£<5^T-X 

l4-«±<Og|3te»]K (phosphor thin film) fcrtSKKft 

^-f 5«>ii:aL;fct>0>-cNfcs„ La»Lfcase>, #3gg>3ro 

LEDtt, V^Ttb©*«cWJ5CLEDICt>|S^$*l*V^ 
fcttSfcl-^t-C**. gEfc©8*©LED£#389ii: 

[0 0 15] LEDl©ft«W*fipaSrjRWt*BW 
■C. »**B*EOLfcVvfcB©LEDl*;j*L"C* 



5. LED 1(4, fctA«5l3t«jgtt:2Sr#L.T*5»). 
rfllt— OCOn -G a N§3, 4, SQWfVMJMQW 
©Ga InNi5, p-AlGaN6, p-GaN§7 
«r*A/-C«***tT^*. fgft«igft:2»4, *fc, 

g^^VK8, n-mffi3, p-tias^^^Kn, 

n-«g3llGaNi>e.49, P -HW 1 2 tt)fe£Si§ 

*/<yK8JttFl ltt, :tie>#«ffi <*H*> icttR 
SftSt. /WT^*«ttSr«il&tTLEDl*»3fc$* 

So 

[0016] HftWittt 2 I4g*g 1 3 W±tCiBB$tV 
•5. 1^1 3l4if:7747-CJ>5C£;&sS*U\iS, r. 

*t£Wl-©»»ft«R i 3 1 LTteffl-fs r t h^mxh 

5, 38#^*-Kl&»at-5fca©*m#, ±-00 

it£*v#5::i»4, Sl*#lca»$ix5^5 5. ±"C* 
^fciSfc:, »#^*-Kil4£©J:5*fflgro3B3fe 

*-K#, 8fc.fc9fSL<Ift3ll-?-5J:5fc, *389!lcS 
<Jv * t Wfe3t^v % & ft 5 -** trJM-* t> <r> 

[0 0 17] Wfi*^mJV©-*imfcfl3»*«a 
#2(4, f-^r^r (-Tftto*>A 1 2 o 3 ) «^ii'/!)3 
*n—*<i k (1-ftfc)*)S i c) ©±taitr^*i'-rA' 
jfc*fc*9#j*3ii6. rite>ro<Dg«$m(4-&#c 
traaw-e* 5 fc», ledih;^ 

5rtis-et5. Cftb(4Sil#l£(4mP©<b©-Cfc 

flinaafl-e*?. *©«©»^KHt^iM-ej!> 
r©i5*ittfca'&-j-6*<©*w*»aEi-5i 

i(4, S*#fca*Sii6*fa$. 

[ooi8] 0 2 14, *&w<Dm-nmm\c&z led 

^<0(ffl®|g-C*)5. LEDtvM*2 0(4, El 
fc*LfcJ:5fc, £Kl3MLED«M2*^t 
v>5. rroHlffitaj-C(4, ^3t«at^2 0S«l 3tg* 
■faffiil±S#«©B«±K:, *-<0«ifc»^2 liSgB 
g$nv^T5„ JftftfMU 114, H*i»«*«)*ifer, 
5S)t»it^2ro±tCfife5it/!i5-Ct2) <> j»3t»«tt, 

(4, fct*.«a-T-tr-Aaa. mht. r f^»^j 

[0019] if©J:34*ft'VJWItitBIS*5'<**» 
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LEDd^b»*6h5-**k*t*^i-^TftKJR1-6J: 
- WJ*36©^— t ^—SW* < T t> <fc v ^Jfrfrfc figij 

[0 0 2 0] B2fcSl/t*>S»K2 1 
J;5fc, LED^3i^-o*««r«^te]B*.61t««># 

^SA^SRFtAlt *K2 ld5*a*Jf 

A-7^n^-^yh (Y 3 Al s 0 12 :C 
e 3+ ) T?*>5. rfrlSYAG : Ce ki>&£tlZ> 9 #38 

[00 2 1] SJ#»Bltt, 3&3fc*3£ft 2 1 3 ±lc 
[00 2 2] ffHoflAKV*SO«H£tt, LED|> 

»J thrift* £ifc*>« 0 ttn<Di%-&*&m-rz>tz 

[0 0 2 3] 2 tt, »^«FtC^fe(0-9:ifc» 

-*i«t*wt»Bt2 iu:afc«. -ftifett 

36©-«tt, »M2 lrtwK-A-yfSrlgtS: t4 
<»BI2 l£iiii-f5o -Rift»3fto5t>«Bl2llca 

&fe#fc45„ K-/N-vhttlR^^4r-/u-ejB3fe»B[2 



[0 0 2 4] SRrt^Kw^h^di^ 
<{ * 2 0 lc X. o r $ ti * fe3fe^«H4**36ft t <o 

"Ct So 

[0 0 2 5] -Rftj&S, -«±*>&fi**-rSi§^t>*> 

*LT»*e)ix-53tt>, -«±<&«fta*e> ft 

So H^yKoMit &*S;h/r^ftv> 

tta"Cfe3o ^^F;w^K©Jtttt, H?^ot 

rW9fiW^#< ft K«r**i-6r fcfr 

ItBUfcfctfrefclK rjggj ^3/Bffite, *-<^ h 

[0 0 2 6] ■ 3 Wt, **WO»=IUS«^«538*^ 
f*. 3S3t«5i# 2 <Dmm±\z&MW&m&'< y K 2 5 >55 

E«sji-cd3D, a»i 3o5t>»*«Bft»2t»ra 
v^o ±-e^fc<t3^ »Ett-»«:aMftt><o*sa* 

mm&'<y K2 5K:Sfcofc-*jat*tt, SWSttT 
**«Je*2 2ittf»Kl 3S:ii9, MXWR2 

a 0 -**wt**«3fc»fli2 iicafcofc»&©»* 

*<tzh<DbmCT*hZ> 0 0 3(^LfcjR3t»Kii, 0 2 
[0 0 2 7] *^SS^-C«P)fc»K 2 1 1 3 ±id 
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[0 0 2 8] 04 ft, *»WO«©«fc«(0*3t^>f* 

^4 0tt'>4<it-O©«*W3 1X153 3«r£A, 
-Cl^o »K3 1X153 3tt, ££l 3©5*>»3fe*56 

:o*t«m «3t»K3 iM33^ a*L<« 

JH^«^tr^^^-ft*Srfflv^"Citar5o Sfil 3_b 

K«B($tt«WR3 1 \±. mm3 1 rtte^tjua** k 

*Ut**rto*+8t>Ofc+6«>*a*U\ S«l 3± 
fc*»3ix5JW3 3tt:, *«3 3rtfc£*h,*»*K 

[0 0 2 9] MR 3 lfcJ;or*ttt*il5*fe*tt, * 
K3 3lCj;oTtt»ftS;h,ftV\ L^L4*b, &BI3 

3 1X153 3d^**i^Jx3»-fr6,ft5*fe3feRWftfe* 

[00 30] Jt&3fcfr«i-*i9R3 3f43*L<ttS r 
S : Cefrbm&Ztl. fS63fcS:*r5»it3 1 F*a* 
L<I*S r S : Eu^bff^SW, L*»Lft*6, r. 

»K3 lXl53 3©*ft^KJtl/t, 
0<D$^£&g-f5 o 

[00 3 1] *J<B#ifci ur Ht, »K3 1 ^-JJUftlt* 
*UZZkhX$Z 0 

[0 0 3 2] 0 **W(Dffi<0*16«<0**^^- 

rc«3fc*»3 7X153 8*ffii^5 0 W>l4#E>i©* 
«Wt?HU JW*3 7i«Rl 3t©IWK:»*#*9-3 

2^bo-ftifcM5tfi^icsii-rs^, &ytmm3 7 

m3 ixt53 3 irai:t<o-e*>ori:v\ Lfetfot, 
**»R3 7xr53 8Ht, *ti^eti*fe*xtn»fe*«: 



»R3 7x153 sojuhci** 04 towm-tmi* 

[0 0 3 3] LEDf^X5 0CS®$;7-3 6 £ 
RtK **flBt*2t»**«l3 7Xt53 8|Cj:oTfe 

fcLftV^f«fc, ***«3 7X153 8tCio-cayjfc 
£ft5>^*1? »*«3t#2JcioT?5t5K 
lRJHTl^5 0 05O»K3 7X153 8 Hi, 04t£^ 
Lfc»^3 1X153 3#fift*trto*+5©fc*«ttlC 
WCfPflTefi**ft|jM-ft. »M3 7Xt53 8©**t 

w*»6«*bnsarti*i:i»ft*tt % «%ffifi#2^ 
[0034] asixtt, «*»ie3 7tt^m»^7- 

3 6 ©ifcilRStf, «3fc«R3 8 tt«3t»R3 7 <D± 
tmmZltZo LEDf^^5 0<Z)*§^ 

Wi±K:»*Ufcl|-CJboT, #3fe»ittt2Xt5EltS 

VH±Sfc, ii*^7-3 6, IS3t«5t#:2, RlfflM 
2 5Sr*tHft^roa#»«SJifc«i!:, #?#»BI3 
7Xt53 8 SritttS-frS £ k tXZ 6 0 
[0 0 3 5] r^S5^»«©#JK©5tti#!lc-DV^-aR 

fcv*5/&Bl*tt, LEDr/^^i:ff«#?K:HL 

[0036] fe^^tf, m 4 xr5m 5 KiBWurttML 

r^^-Ct8o fc^r^tf, H5fc»-rf|«#$ 7-3 6 
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[0 0 3 7] ^^COLEDf'/^^ICio-C 

[0 2] 4«neft-*ttM0»fc^^R«>mffl 



[E3] *isw©«raaii««)»*^*-K«)«ffiH 

[04] *»WOjlHjtlfc«©*36^*-KO«iBH 

[0 5 ] *xwvmmmmw<of6ftfr'( Komma 
■e*>5. 
m-g-roffiW] 

1 3S3fe^at— K (LED) 

2 *%«Hft# 

1 3 

2 1 ftftftfll 

2 5 SWISSES' K 

3 1 
3 3 
3 6 
3 7 

3 8 mytmm 



111 



[0 2] 



11 12 _8 
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A THIN FILM PHOSPHOR-CONVERTED LIGHT 
EMITTING DIODE DEVICE 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to light emitting diodes (LEDs) and more 
parttcuhrly, to a piosphor-eonvened LED device that utilizes one or more phosphor 
tin,, filn-s for converting primary light emitted by the LED into one or more other 
frequencies of light in order to generate white light. 

BACKGROUND OF THE INVENTION 
With the development of efficient LEDs that emit blue or ultraviolet CUV) 
light, it has become feasible to produce LEDs that generate white light through 
phosphor conversion of a portion of the primary emission of the LED to longer 
wavekngths. Conversion of primary emission of the LED to longer wavelength, is 
commonly refold I0 ^ dov^-convetsion of the primary emission. An unconverted 
portton of (he primary emission combines with the light of longer wavelength to 
produce white light. LEDs that produce whit, hgfat are useful for signaling and/or 
illurainatioji purposes. 

Currently, sute-of-the-art phosphor conversion of a portion of the primary 
em™ of the LED is attcincd by placLlg , phasphQr m ^ ^ ^ ^ ^ ^ 

the refector cup. which houses the LED within the LED lamp. The phosphor is in the 
form of a powder that is mixed into the epoxy prior to curing the epoxy. The uncured 
epoxy slurry containing the phosphor powder is then deposited onto the LED and is 
subsequently cured. 

The phosphor particles within the cured epoxy generally are randomly 
oriented aad interspersed throughout the epoxy. A portion of the primarv light 
emitted by the LED passes thnxagh the epoxy without impinging on the phosphor 
particles, whereas a portion of the primary light emitted by the LED impinges on the 
phosphor particles, thereby causing the phosphor particles to emit complimentary 
light. The combination of the primary blue light and the phosphor-em ir.ed lighl 
produces white light. One disadvantage of utilizing the epoxy comprising the 
phosphor particles is tlrat uniformity in the white light emitted by the LED is difficult 
if not impossible, to obtain. This non-uniformity is caused by non-uniformity inthe ' 
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sizes of the phosphor particles mixed into the epoxy slurry. Currently, phosphor 
powders having uniform phosphor particle sizes generally are not available. When 
the phosphor powder is mixed into the epoxy shiny, the larger phosphor particles sink 
fester than the smaller phosphor particles. This non-uniformity in spatial distribution 
of the phosphor particles exists in the epoxy once it has been cured. 

Therefore, obtaining a uniform distribution of the phosphor panicles within 
the epoxy is very difficult, if not impossible, due to the non-uniformity of the sizes of 
the phosphor particles. This inability to control the sizes of the phosphor particles and 
their locations within the epoxy results in difficulties in producing LED lamps that 
emit while light in a consistent manner. Therefore, the quality of the white light 
produced by LED lamps may vary from one lamp to another, even for a given model 
manufactured by a particular manufacturer. 

Attempts have been made to overcome the disadvantages of using phosphor 
powders mixed with epoxies by placing luminescent organic dye films on a lens that 
encases the LED. The dye is carefully positioned on the lens at a particular location 
so that it totally absorbs all of the primary light impinging thereon and converts the 
primary light to light of a longer wavelength. 'A fraction of the primary light emitted 
passes through the lens without impinging on the dye The primary light that does not 
impinge on the dye then combines with the longer-wavelength light to produce white 
light. Since the dye totally absorbs the primary light impinging thereon, any variation 
in the fraction of fee primary light that is summed with the longer-wavelength light is 
supposed to be eliminated. 

However, this latter approach also has several disadvantages. The placement 
of the dye on the lens is subject to manufacturing uncertainties, which may result in 
variations in the white light produced. Also, dyes that arc stable over long periods of 
time generally are not available. As a result, wide spread use of wavelength- 
converting dyes has not occurred. 

Accordingly, a need exists for a phosphor-converted LED that overcomes 
these problems and disadvantages. 

SUMMARY OF THE INVENTION 
The present invention provides a phosphor-converted LED device comprising 
one or more phosphor thin films that convert primary light emitted by the LED into 
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one or more other wave.engths of light to produce light of a particular color The 
phosphor thin mm of the invention comprises dopants that am spatially distributed in 
an optcally homogeneous manner. This optically-homogeneous spatial distribution 
of the dopants in the thin film causes the phosphor conversion of the primary light to 
occur in a manner that is predictable and controllable. Therefore, variations in the 
color of the light produced by phosphor-converted LED devices can be eliminated, 
thereby enabling consistency in the quality of the colored light produced by LED 
devices to be achieved. Preferably, the light of the particular color that is produced by 
the LED device is white light. However, the phosphor-converted LED device of the 
present invention may be designed to perform phosphor conversion s produce light 
of other colors, such as green light. 

In accordance with one embodiment of the present invention, a single 
phosphor thin film is comprised by the LED device. The thin film converts a portion 
of the blue primary light into yellow light while allowing a portion of the primary 
light to pass through the thin film. The primary light and the yellow light combine to 
produce white light. 

In accordance with an alternative embodiment of the present invention at least 
two phosphor thin films, each of which emits a different color of light, are comprised 
in the LED device. In accordance with this embodiment, the thin films preferably are 
d 1S posed one on top of the other. Each of the thin films converts a portion of the 
primary light into a particular color of light. For example, one of the thin films may 
convert primary light into green light and one of the films may convert primary light 
into red light. The red light, green light and the unconverted primary light combine to 
form white light. 

In accordance with another embodiment of the present invention, at least two 
phosphor thin films are utilized and one ofthe thin films completely absorbs the 
primary light and converts it into blue light. The other thin film then converts a 
portion ofthe blue light emitted by the first thin film into a broad yellow emission, 
which then combines with the blue emission to produce white light. 

Other features and advantages ofthe present invention and variations thereof 
will become apparent from the following description, drawings and claims. 
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BRIEF DESCRIPTION OF THE INVENTION 

FIG. 1 is a perspective view of the light emitting diode device of the present 
invention before a phosphor thin film has been deposited thereon. 

FIG. 2 is a side view of the light emitting diode device of the present invention 
in accordance with a first embodiment. 

FIG. 3 is a side view of the light emitting diode device of the present invention 
in accordance with a second embodiment. 

FIG. 4 is a side view of the light emirting diode device of the present invention 
in accordance with a third embodiment. 

FIG. 5 is a side view of the light emitting diode device of the present invention 
in accordance with a fourth embodiment 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a light emitting diode (LED) 1 that is suitable 
for incorporating one or more phosphor thin films therein in accordance with the 
present invention. However, it should be noted that the LED of the present invention 
is not limited to any particular LED. Those skilled in the art will understand that a 
variety of known LEDs are suitable for use with the present invention. 

For purposes of describing the typical components of the LED 1, the LED 1 
has been shown without any phosphor thin films disposed thereon. The LED 1 may 
comprise, for example, a light emitting structure 2, which comprises two n-GaN 
layers 3 and 4, an SQW or MQW GalriN layer 5, a p-AlGaN layer 6 and a p-GaN 
layer 7. The light emitting structure 2 also comprises an n-electrode bond pad 8, an n- 
elecrrode 3, a p-eiectrode bond pad 1 1 and a p-electrode 12. The n-electrode 3 is 
comprised of GaN and the p-electrode 12 is either transmissive or reflective, as 
discussed below in more detail. The electrode bond pads 8 and 1 1, when connected to 
a power supply (not shown), provide the biasing current for causing the LED 1 to emit 
light. 

The light emitting structure 2 is disposed on a substrate 13, which preferably is 
sapphire, although other materials may be used for the substrate 13. It should be 
noted that the materials used for creating the light emitting diode 1 are not limited to 
the materials discussed above with reference to FIG. 1. Those sidled in the art will 
understand that the light emitting diode 1 can be comprised of various types of 
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materials. As stated above, the light emitting diode 1 is not limited to any particular 
type of light emitting diode, with the exception that the light emitting diode device 
utilized in accordance with the present invention emits a primary light that is either 
blue or ultraviolet, as discussed below in detail. Those skilled in the art will 
understand that various light emitting diodes are known that are suitable for this 
purpose. 

The light emitting structure 2 that generates the blue or UV primary emission 
preferably is grown epitaxially on either a sapphire (i.e., Al 2 0 3 ) or silicon carbide 
(/.*.. SiC) substrate. Since both of these substrate materials are transparent to the 
primary radiation emission, the LED 1 can be mounted on a header (not shown) or in 
a reflector cup (not shown) in either a "normal" mounting configuration or a "flip- 
chip" mounting configuration, which are known to those skilled in the art. As 
discussed below in detail, in some cases the substrate material may be transmissive, 
whereas in other cases it may be opaque. Those skilled in the an will understand that 
many substrate materials are suitable for these purposes. 

FIG. 2 is a side view of the LED device of the present invention in accordance 
with a first embodiment. The LED device 20 Comprises a substtate 13 and an LED 
structure 2, as shown in FIG. 1. In accordance with this embodiment of the present 
invention, a single phosphor thin film 21 is disposed on the surface of the light 
emitting structure 2 opposite the surface of the light emitting structure 2 that is in 
contact with the substrate 13. The phosphor thin film 2 1 may be deposited on the 
light emitting structure 2 by a plurality of known methods. Phosphorthin films have 
been used primarily in the thin film electroluminescent display industry. Several 
known techniques may be used for depositing the phosphor thin film such as, for 
example, electron beam evaporation, thermal evaporation, rf-sp uttering, chemical 
vapor deposition and atomic layer epitaxy. 

The method that is utilized for depositing the thin film may depend on the 
desired characteristics of the thin film. For example, if the thin film is to absorb all of 
the primary radiation emitted by the LED, one particular deposition technique may be 
used, whereas if Ihe thin film is to allow a percentage of the primary radiation to pass 
through it, a different technique may be used. Those skilled in the art will understand 
which type of technique is to be utilized in order to obtain a thin film having the 
desired characteristics. 
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Preferably, the method for depositing the thin film 21 shown in FIG. 2 is rf- 
sputtering. In accordance with this method, the phosphor powder is pressed into a 
target of a diameter slightly exceeding the LED wafer diameter such that a 
homogenous distribution of the phosphor film is ensured. As will be understood by 
those skilled in the art, the sputter gas characteristics can vary, but preferably the 
sputter gasmainly comprises Argon, but also comprises approximately l%to 
approximately 3% of oxygen The pressure and RP power input are matched to 
provide the thin film 21 with optimum thickness and homogeneity. The distance 
between the target and the substrate preferably is approximately 5 to 10 centimeters. 
The phosphor powder preferably is a Cerium-doped Yttrium-Aluminum-Garnet 
(Y 3 Al 5 O l2 :Ce 3+ ), also denoted as YAG:Ce. Those skilled in the art will understand 
that the present invention is not limited to using any particular type of phosphor for 
the thin film. Those skilled in the ait will understand that other types of phosphors 
exist that are suitable for this purpose. 

Preferably, the phosphor thin film is deposited after the light emitting structure 
2 has been grown on the substrate 1 3. However, this may not always be possible, due 
to the fact that the deposition conditions might be incompatible with the requirements 
for maintaining the integrity of the light emitting structure 2. Therefore, in some 
cases, it may be necessary to deposit the thin film before the light emitting structure is 
grown. 

The homogeneity of the composition and the thickness of the thin film can be 
further improved by rotating the LED wafer on a particular trajectory, such as 
eccentric circles, or on more complicated trajectories, which are sometimes referred to 
as "planetary motion". This technique of rotating the wafer to improve the 
homogeneity of a material is known in the art. Since the manner in which phosphor 
thin films having a desired homogeneity can be created and deposited is known, no 
further discussion of the manner in which this is accomplished will be provided 
herein. 

During operation, the light emitting structure 2 generates primary blue 
radiation. The primary emission impinges on the thin film 21. A portion of the 
primary emission passes through the thin film 21 without exciting the dopants in the 
thin him. A portion of the primary emission impinging on the thin film 21 is 
absorbed by the dopants contained in the thin film and is converted into yellow light. 
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This yellow light is emitted from the thin film 21 and combines with the portion of the 
unconverted primary radiation to form white light. The dopants are incorporated on 
an atomic scale into the phosphor thin film 21. When these dopants are excited by 
primary radiation, the dopants emit yellow light. 

The total amount of dopants in the thin film is determined by their 
concentration and by the thickness of the thin film. The spatial distribution of the 
dopants in the thin film can be controlled with great precision. The techniques used 
for this purpose are common to thin film deposition processes used in the industry and 
are known to those skilled in the art. Those skilled in the art will understand the 
manner in which the amount of light-emitting dopants in the thin film and the spatial 
distribution of the dopants can be precisely controlled. By precisely controlling these 
characteristics of the thin film, the fraction of the primary radiation that will pass 
through the thin film without conversion is predictable and can be controlled. 
Therefore, the characteristics of the white light produced by the light emitting diode 
device 20 can be ensured. Thus, manufacturing uncertainties can be eliminated and 
LED devices having high quality and consistency can be obtained. 

It should be noted that the primary light may comprise light having more than 
one wavelength. Similarly, the light emitted in response to excitation by the primary 
light may comprise light of more than one wavelength. For example, the blue light 
emitted by thin film 21 may correspond to a plurality of wavelengths making up a 
spectral band. Wavelengths this spectra) band may then combine with the 
unconverted primary light to produce white light. Therefore, although individual 
wavelengths are discussed herein for purposes of explaining the concepts of the 
present invention, it will be understood that the excitation being discussed herein may 
result in a plurality of wavelengths, or a spectral band, being emitted. Wavelengths of 
the spectral bands may then combine to produce white light. Therefore, the term 
"spectral band" is intended to denote a band of at least one wavelength and of 
potentially many wavelengths, and the term "wavelength" is intended to denote the 
wavelength of the peak intensity of a spectral band. 

FIG. 3 is a side view of the light emitting diode device 30 of the present 
invention in accordance with an alternative embodiment. In accordance with this 
embodiment, a reflective electrode bond pad 25 is disposed on a surface of the light 
emitting structure 2 and the phosphor thin film 21 is disposed on a surface of the 
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substrate 13 opposite the surface of the substrate 13 that is in contact with the light 
emitting structure 2. As stated above, the preferred substrate material is transparent. 
Therefore, the primary radiation emitted from the light emitting structure 2 that 
impinges on the reflective electrode bond pad 25 is reflected through the light 
emitting structure 2 and through the substrate 13 into the phosphor thin film 21. Once 
the primary radiation impinges on the phosphor thin film 21 , the results are essentially 
identical to those discussed above with reference to the operations of the LED device 
20 of FIG. 2. The phosphor thin film shown in FIG. 3 may be identical to the 
phosphor thin film shown in FIG. 2 and may also be created using the above- 
discussed rf-spuTtering technique. 

Since, in accordance with this embodiment, the phosphor thin film 21 is 
deposited directly onto the substrate 13, the phosphor thin film 21 may be deposited 
either before or after the light emitting structure 2 has been created and either before 
or after the reflective electrode bond pad 25 has been created. 

FIG. 4 is a side view of the light emitting diode device 40 of the present 
invention in accordance with an alternative embodiment in which the LED device 40 
comprises at least two phosphor thin films 31 "and-33. The thin films 31 and 33 are 
deposited on the side of the substrate 13 opposite the side of the substrate 13 on which 
the light emitting structure 2 is to be disposed. In accordance with this embodiment, 
the phosphor thin films 31 and 33 preferably are deposited using atomic layer epitaxy. 
Preferably the thin film 3 1 disposed on the substrate 1 3 produces red emissions in 
response to the blue or ultraviolet primary emissions impinging on the light-emitting 
dopants contained in the thin film 3 1 . The phosphor thin film 33 disposed on 
phosphor thin film 3 1 emits green light in response to the blue or ultraviolet primary 
emissions impinging on the dopants contained in the thin film 33. 

The red light emitted by thin film 3 1 is not absorbed by thin film 33. 
However, the green light emitted by thin film 33 is partly absorbed by thin film 31, 
and is converted into red light. Both of the thin film layers allow a portion of the 
primary blue light emitted by the light emitting structure 2 to pass through the thin 
films. This unconverted primary blue light combines with the red and green light 
emitted by thin film layers 3 i and 33, respectively, to produce white light. 

The thin film 33 that emits green light preferably is comprised of SrS:Ce and 
the thin film 31 that emits red light preferably is comprised of SrS:Eu. However, 
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those skilled in the an will understand that the present invention is not limited with 
respect to the materials utilized for these thin films or with respect to the manner in 
which these thin films are deposited. The reflective electrode bond pad 25 reflects 
primary light generated by ihe light emitting structure 2 toward the thin films 3 1 and 
33 and improves the efficiency of the LED device 40. 

Alternatively, a thin film 31 totally absorbs all of the primary light and 
converts the primary light into blue light. Thin film 33 passes some of the blue light 
and converts some of the blue light into yellow light. The yellow light and the 
unconverted blue light combine to form white light, in the same manner described 
above with reference to FIGS. 2 and 3. 

FIG. 5 is a side view of the light emitting diode device 50 of the present 
invention in accordance with another embodiment. This embodiment of the present 
invention also utilizes a plurality of phosphor thin films 37 and 38. However, in 
accordance with this embodiment, a dielectric mirror 36 is disposed between min film 

37 and the substrate 13. The dielectric mirror 36 is fully transparent to the primary 
emission of the light emitting structure 2 but is highly reflective at the wavelength of 
the emissions of the phosphor thin films 37 and 38. The phosphor thin films 37 and 

38 may be identical to the phosphor thin films 3 1 and 33 shown in FIG. 4. Thus, the 
phosphor thin films 37 and 38 may produce red and green light, respectively, or blue 
and yellow light, respectively. Preferably, atomic layer epitaxy is used to depositee 
thin films 37 and 3 8 in the manner discussed above with reference to FIG. 4. 

Incorporating the dielectric mirror 36 into the LED device 50 increases the 
overall efficiency of the LED device 50 by isolating the light emitting structure 2 
from luminescence light produced by the phosphor thin films 37 and 38, which might 
otherwise be re-absorbed by the light emitting structure 2. Thethin films 37 and 38 
of FIG. 5 operate in a manner that is essentially identical to the manner in which the 
thin films 31 and 33 of FIG. 4 operate to produce white light. The red and green light 
emitted by thin films 37 and 38, respectively, combines with the unconverted primary 
light emitted by the light emitting structure 2 to produce white light. 

The phosphor thin film 37 preferably is deposited onto the dielectric mirror 36 
and then the phosphor thin film 38 is deposited onto the phosphor thin film 37. It 
should be noted that the present invention is not limited with respect to the order in 
which the layers of the LED device 50 are incorporated into the LED device 50. For 
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example, the phosphor thin films can be deposited after the dielectric mirror 36 has 
been fabricated on the substrate, but before the light emitting structure 2 and the 
reflective electrode 25 have been fabricated. Alternatively, the phosphor thin films 37 
and 38 may be deposited after all of the other layers, including the dielectric minor 
36, the light emitting structure 2 and the reflective electrode 25, have been formed. 

It will be understood by those skilled in the art that the present invention has 
been described with reference to particular embodiments, but that the present 
invention is not limited to these embodiments. Those skilled in the art will 
understand that various modifications may be made to the embodiments discussed 
above, which are within the scope of the present invention. As stated above, the 
present invention is not limited with respect to the materials used in the LED device, 
except that the LED device must be capable of generating primary emissions that are 
blue light or ultraviolet light. Those skilled in the art will also understand that, unless 
expressly stated herein, the present invention is not limited with respect to the order in 
which the layers or components of the LED device are formed. It will also be 
understood by those skilled in the art that the geometric arrangement or configuration 
of the phosphor thin films is not limited to any particular arrangement. 

For example, rather than using overlapping phosphorthin films in the manner 
described above with reference to FIGS. 4 and 5, a plurality of phosphor thin film 
segments, each of which luminesces a different color of light in response to blue or 
ultraviolet primary radiation impinging thereon, may be deposited on a common 
surface. For example, three different phosphorthin films segments (not shown) could 
be deposired in a checker-board configuration on the dielectric mirror 36 shown in 
FIG. 5. In this case, one of the thin film segments would luminesce red light, one 
would luminesce green light and one would luminesce or transmit blue light, 
depending on whether the primary light is UV or blue. The segments would be 
arranged to effect total absorption of the primary radiation emitted from the light 
emitting structure 2. The red, green and blue light generated by the respective 
phosphor thin films would then combine to create white light. Those skilled in the art 
will understand how various other configurations of thin film layers and segments 
could be incorporated into an LED device to produce an LED device that generates 
white light. 
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Furthermore, it should be noied that it is not required that white light be 
produced by the LED device of the present invention. Those skilled in the art will 
understand the manner in which a phosphor thin 51m can be produced and utilized in 
accordance with the principles of the present invention to obtain an LED device that 
produces other colors of light. For example, those skilled in the art will understand, in 
view of the description provided herein, how a phosphor thin film may be obtained 
that produces green light by totally absorbing the blue or UV primary emission. 
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CLAIMS 

What is claimed is: 

1 . A light emitting diode device for generating light of a particular color, the 
light emitting diode device comprising: 

a substrate including a first surface and a second surface, the first surface 
being opposite the second surface; 

a light emitting structure disposed on the first surface of the substrate, the light 
emitting structure having a first surface adjacent the first surface of the substrate, the 
light emitting structure having a second surface opposite the first surface of the light 
emitting structure, the light emitting structure emitting primary radiation when driven; 
and 

a phosphor thin film !ocated to receive primary radiation generated by the light 
emitting structure, the primary radiation impinging on the phosphor thin film, a first 
portion of the primary radiation passing through the phosphor thin film, end a second 
portion of the primary radiation converted into light of a different wavelength, the 
light emitted by the phosphor thin film combining with the primary radiation passing 
through the phosphor thin film to produce said light of the particular color. 

2. The light emitting diode device of claim 1, wherein the phosphor thin film is 
disposed on the second surface of the light emitting structure. 

3. The light emitting diode device of claim 2, wherein the primary radiation is 
blue light. 

4. The light emitting diode device of claim 1, wherein the substrate is 
transparent, and wherein the phosphor tliin film is disposed on a second surfece of the 
substrate, and wherein the primary radiation emitted from the light emitting structure • 
passes through the transparent substrate before impinging on the phosphor thin film. 
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5. The light emitting diode device of claim 4, wherein a reflective electrode is 
disposed on the second surface of the light emitting structure, wherein primary 
radiation that is emitted by the light emitting structure and that impinges on the 
reflective electrode is reflected by the reflective electrode toward the light emitting 
structure. 

6. The light emitting diode device of claim 5, wherein the primary radiation is 
blue light 

7. A light emitting diode device for generating light of a particular color, the 
light emitting diode device comprising: 

a substrate including a first surface and a second surface, the first surface 
being opposite the second surface; 

a light emitting structure disposed on the first surface of the substrate, the light 
emitting structure having a first surface adjacent the first surface of the substrate, the 
light emitting structure having a second surface opposite the first surface of the light 
emitting structure, the light emitting structure emitting primary radiation when driven; 

a first phosphor thin film located to receive primary radiation generated by the 
light emitting structure, the primary radiation impinging on the first phosphor thin 
film, a first portion of the primary radiation passing through the first phosphor thin 
film, and a second portion of the primary radiation being converted into light of a first 
wavelength; and 

z second phosphor thin film located to receive third and fourth portions of the 
primary radiation generated by the light emitting structure, the fourth portion of the 
primary radiation being converted into light of a second wavelength, wherein the first 
and third portions of the primary radiation remain unconverted and combine with the 
light of the first and second wavelengths emitted by the first and second phosphor thin 
films, respectively, to produce said light of the particular color. 
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8. The light emitting diode device of claim 7, wherein the first phosphor thin film 
is disposed on the second surface of the substrate, and wherein the light emitting 
diode device further comprises a reflective electrode, the reflective electrode being 
disposed on the second surface of the light emitting structure, wherein primary 
radiation emitted by the light emitting structure that impinges on the reflective 
electrode is reflected toward the light emitting structure. 

9. The light emitting diode device of claim 8, wherein the primary radiation is 
blue light. 

10. A light emitting diode device for generating light of a predetermined color, the 
light emitting diode device comprising: 

a substrate including a first surface and a second surface, the first surface 
being opposite the second surface, 

a light emitting structure disposed on the first surface of the substrate, the light 
emitting structure having a first surface adjacent the first surface of the substrate, the 
light emitting structure having a second surface opposite the first surface of the light 
emitting structure, the light emitting structure emitting primary radiation when driven; 

a dielectric mirror disposed on the second surface of the substrate, the 
dielectric mirror comprising at least first and second surfaces, the first surface of the 
dielectric mirror being opposite the second surface of the dielectric mirror, the first 
surface of the' dielectric mirror being in contact with the second surface of the 
substrate, the dielectric mirror being transparent to the primary radiation; 

a first phosphor thin film disposed on the second surface of the dielectric 
mirror, the primary radiation impinging on the first phosphor thin film, a first portion 
of the primary radiation passing through the first phosphor thin film, and a second 
portion of the primary radiation being converted into light of a first wavelength, the 
dielectric mirror being reflective to light of the first wavelength; and 
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a second phosphor thin film adjacent the first phosphor thin film, a first 
portion of the primary radiation passing through the second phosphor thin film, and a 
second portion of the primary radiation being converted into light of a second 
wavelength, wherein the portion of the primary radiation that passes through the first 
and second phosphor thin films combines with the light emitted from the first 
phosphor thin film and the light emitted from the second phosphor thin film to 
produce said light of the particular color. 

11. The light emitting ^ode device of claim 10, wherein the light emitting diode 
device further comprises a reflective electrode, the reflective electrode being disposed 
on the second surface of the tight emitting structure, wherein primary radiation 
emitted by the light emitting structure that impinges on the reflective electrode is 
reflected toward the light emitting structure. 

12. The light emitting diode device of claim 11, wherein the primary radiation is 
blue light. 

13. A light emitting diode device for generating light of a particular color, the 
light emitting diode device comprising: 

a substrate having at least a first surface and a second surface, the first surface 
being opposite the second surface; 

a light emitting stnicture disposed on the first surface of the substrate, the light 
emitting structure having a first surface in contact with the first surface of the 
substrate, the light emitting structure having a second surface opposite the first 
surface of the light emitting structure; and 

a first phosphor thin film disposed on the light emitting diode device, the light 
emitting structure emitting primary radiation when driven, the primary radiation 
impinging on the first phosphor thin film, all the primary radiation impinging on the 
first phosphor thin film being converted into blue light, the blue light being emitted by 
the first phosphor thin film; and 

a second phosphor thin film disposed on the first phosphor thin film, a portion 
of the blue light passing through the second phosphor thin film, and wherein a portion 
of the blue light that impinges on the second phosphor thin film is converted into 
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yellow light, wherein the portion of the blue light that passes through the second 
phosphor thin film combines with the yellow light emitted from the second phosphor 
thin film to produce said light of the particular color. 

14. The light emitting diode device of claim 13, wherein the first phosphorthin 
film is disposed on the second surface of the substrate, and wherein the light emitting 
diode device further comprises a reflective electrode, the reflective electrode being 
disposed on the second surface of the light emitting structure, wherein primary 
radiation emitted by the light emitting structure that impinges on the reflective 
electrode is reflected toward the light emitting structure. 

15. The light emitting diode device of claim 14, wherein the primary radiation is 
ultraviolet radiation. 
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ABSTRACT OF THE DISCLOSURE 

The present invention provides a phosphor-converted LED device comprising 
one or more phosphor thin films that convert primary light emitted by the LED into 
one or more other wavelengths of light to produce light of a particular color. Each 
phosphorthin film comprises dopant ions that are statistically spatially distributed in 
such a manner that the phosphor conversion of the primary light is predictable and 
controlled by the concentration of the dopants and by the thickness of the thin film. 
Therefore, variations in the color of the light produced by phosphor-converted LED 
devices can be eliminated, thereby enabling uniformity in the quality of the colored 
light produced to be ensured. In accordance with one embodiment of the present 
invention, a single phosphor thin film is comprised by the LED device. The thin film 
converts a portion of the primary emission into yellow light while allowing a portion 
of the primary blue light to pass through the thin film. The primary light and the 
yellow light combine to produce white light. Alternatively, a plurality of phosphor 
thin films, each of which emits a different color of light, may be comprised in the 
LED device. Each of the thin films converts a" portion of primary radiation into a 
particular color of light, e.g., red or green light. The red light, green light and the 
unconverted primary light combine to form white light. Alternatively, one of the thin 
films completely absorbs the primary radiation and converts it into blue light. This 
converted blue light then functions as the primary light that undergoes phosphor 
conversion via one or more other phosphorthin films to produce white light. One or 
more thin films may be used in this manner to perform phosphor conversion to 
produce light of colors other than white, such as green light. 
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